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摘 要 
目的 研究 Notch 信号通路在角膜上皮细胞中的表达，探讨 Notch 信号通路在角
膜上皮细胞增殖和分化中的作用。 
方法 收集正常人角膜组织，用 OCT 包埋，制成冰冻切片。应用 SHEM 培养基，
以 3T3 细胞为滋养层培养人角膜缘上皮细胞克隆。将小鼠角膜上皮细胞系 TKE2
培养于低钙无血清培养基，高钙无血清培养基，低钙含血清培养基，以及高钙含
血清培养基，利用倒置显微镜观察 TKE2 的形态变化情况。采用免疫组织化学染
色及免疫荧光染色方法观察和比较上皮干细胞标志物 P63, ABCG2, 细胞增殖相
关蛋白 PCNA, Ki67, 细胞分化相关角蛋白 K14, K15, K16, K12, K10, Notch 信号
通路相关成分 Notch1, Notch2, Hes1, Jagged1, Jagged2, Hey1，Math1, 以及 Wnt
信号通路相关蛋白β-catenin 在人角膜组织、角膜上皮细胞克隆和不同条件培养下
的 TKE2 细胞中的表达情况。另外，采用 Western blot 方法检测 Hes1, Notch1, 
Math1 在不同培养条件下 TKE2 细胞中的变化情况。       
结果 Notch 信号通路受体 Notch1 Notch2 Notch4 在正常人角膜缘、中央角膜组
织均有表达，而 Notch3 在人角膜缘，中央角膜组织中未见表达。Notch 信号通
路的配体 Jagged1 和 Jagged2 表达在正常人角膜缘、中央角膜上皮组织中。Notch 
信号通路下游基因 Hes1 和 Hey1 表达于正常人角膜缘，中央角膜上皮组织，在
角膜缘上皮细胞克隆中也有表达。培养于低钙无血清培养基 KSFM 的 TKE2 克
隆细胞表达干细胞标志物 P63, PCNA, ABCG2 和增殖指标 Ki67。角蛋白
K14,K15,K16 在 TKE2 中呈阳性表达，而 K12,K10 为阴性。然而，当 TKE2 细胞
培养于含血清或者高钙培养基中后失去 P63,PCNA,Ki67,ABCG2，K16, K14 的表
达。另外，低钙无血清培养条件下，Notch 信号通路相关成分 Notch1, Hes1 为胞
核表达，而 Notch2, Jagged1, Jagged2, Hey1 为胞浆表达。但在高钙培养条件下，
P63, ABCG2, Notch1, Notch2, Jagged1,Jagged2 , Hes1 和 Hey1 在 TKE2 细胞中的
表达降低，Hes1 的抑制基因 Math1 的表达则升高，β-catenin 由胞浆和细胞核表
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胞克隆及小鼠角膜上皮干细胞系 TKE2 中均有表达。低钙无血清培养条件可维持
TKE2 细胞系的增殖状态， Notch 信号通路处于激活状态。在高钙或含血清培养
TKE2 细胞诱导其分化后，Notch 信号通路活性下降。 
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Abstract 
Objective  To investigate the expression of Notch signaling pathway in ocular 
surface epithelial cells, and to determine the effect of Notch signaling pathway on the 
proliferation and differentiation of the ocular surface epithelial cells.  
Method  Normal human limbal and tissues were collected and embedded in OCT for 
cryosection. Limbal epithelial cells were clonal cultured in SHEM with 3T3 feeder 
layers. TKE2 cells were cultured in KSFM or with additional calcium or with 
additional FBS and DMEM with 10% FBS. Morphological change of TKE2 cells was 
observed and photographed. P63, PCNA, ABCG2, Ki67, K14, K15, K16, K12, K10, 
Notch1, Notch2, Hes1, Jagged1, Jagged2, Hey1, and Math1 expression in TKE2 cells, 
human limbus and conjunctiva tissue, human corneal epithelial colonies were 
performed by immunohistochemistry or fluorescence. Hes1, Notch1, Math1 
expression in TKE2 cells were further confirmed by Western blot. 
Results  Notch receptors Notch1, Notch2, and Notch4 were expressed in human 
limbal and corneal epithelium. Notch3 was not expressed in limbal and central 
corneal epithelium. Notch ligands such as Jagged1 and Jagged2 were also expressed 
in limbal and central corneal,epithelium. The down stream gene of Notch signal, i.e., 
Hes1 and Hey1 were expressed in limbal and central corneal epithelium, and also 
expressed in corneal epithelial colonies.  
TKE2 cells cultured in KSFM expressed stem cell marker P63, PCNA, ABCG2, 
and cell proliferation marker Ki67. They also expressed K14, K15, K16, while K12, 
K10 expression was negative, similar to normal corneal epithelial stem cells. 
However, K16, K14，K12, K10, CX43 expression was negative in TKE2 cells with 
serum and high calcium condition. Notch1 and Hes1 were expressed in the nuclei of 
TKE2, but Notch2, Jagged1, Jagged2., Hey1 were expressed in the cytoplasm and 
nuclei of TKE2. Western blot and immunofluorescence showed a strong P63, ABCG2 
expression in cultured TKE2 cells with KSFM. However, the expression of P63, 
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KSFM containing high calcium,Math1 were increased in KSFM containing high 
calcium.The same results were also happened in the KSFM containing 10% FBS . 
Conclusion  Notch signaling pathway was expressed in human limbal, corneal 
epithelium and mouse corneal epithelial stem cells-TKE2; TKE2 cultured in KSFM 
maintains high proliferation ability, and Notch signaling pathway was active in that 
state. Notch signaling pathway was down regulated in TKE2 under differentiation 
conditions such as high calcium or cultured in serum containing medium.  
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